1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pediatr Cardiol. Author manuscript; available in PMC 2017 February 15.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Cardiol. 2009 August ; 30(6): 771-776. doi:10.1007/s00246-009-9434-1.

Thromboelastography of Patients After Fontan Compared with
Healthy Children

Leslie Raffini,

Division of Hematology, Department of Pediatrics, The Children’s Hospital of Philadelphia,
University of Pennsylvania School of Medicine, 34th Street and Civic Center Boulevard,
Philadelphia, PA 19104-4399, USA

Alexander Schwed,
University of Pennsylvania School of Medicine, 34th Street and Civic Center Boulevard,
Philadelphia, PA 19104-4399, USA

X. Long Zheng,

Department of Pathology and Laboratory Medicine, The Children’s Hospital of Philadelphia,
University of Pennsylvania School of Medicine, 34th Street and Civic Center Boulevard,
Philadelphia, PA 19104-4399, USA

Maria Tanzer,

Department of Pathology and Laboratory Medicine, The Children’s Hospital of Philadelphia,
University of Pennsylvania School of Medicine, 34th Street and Civic Center Boulevard,
Philadelphia, PA 19104-4399, USA

Susan Nicolson,

Division of Cardiac Anesthesia, Department of Anesthesia and Critical Care, The Children’s
Hospital of Philadelphia, University of Pennsylvania School of Medicine, 34th Street and Civic
Center Boulevard, Philadelphia, PA 19104-4399, USA

J. William Gaynor, and

Division of Cardiothoracic Surgery, Department of Surgery, The Children’s Hospital of
Philadelphia, University of Pennsylvania School of Medicine, 34th Street and Civic Center
Boulevard, Philadelphia, PA 19104-4399, USA

David Jobes

Division of Cardiac Anesthesia, Department of Anesthesia and Critical Care, The Children’s
Hospital of Philadelphia, University of Pennsylvania School of Medicine, 34th Street and Civic
Center Boulevard, Philadelphia, PA 19104-4399, USA

Abstract

Patients who have undergone a Fontan procedure face an increased risk for thromboembolic
complications. This study aimed to evaluate whether thromboelastography, a global whole-blood
assay of coagulation, can be used to detect hypercoagulability in pediatric Fontan patients
compared with healthy children. This prospective, cross-sectional study investigated 25 Fontan
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patients and 51 healthy children in three age groups: 1-5 years, 6-10 years, and 11-16 years.
Kaolin-activated thromboelastography was performed on citrated samples. No statistically
significant differences in thromboelastography parameters were found among the different age
groups of the 51 healthy children. None of the 25 Fontan patients demonstrated evidence of
hypercoagulability on thromboelastography (95% confidence interval, 0-7%), as defined by two
standard deviations above or below the normal mean. The findings suggest that the percentage of
Fontan patients demonstrating hypercoagulability on thromboelastography is substantially lower
than the reported incidence of thromboembolic complications. Whether thromboelastography
could be helpful in predicting patients at increased risk for thromboembolic complications or not
still is not known. Further studies comparing the thromboelastography of Fontan patients with the
thromboembolic complications of those without Fontan are needed to delineate these issues.
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Thromboembolic complications are a major cause of early and late mortality in children
with single-ventricle congenital heart defects who have undergone a Fontan procedure [6,
12, 14, 21, 26]. The reported incidence of thromboembolic complications in these patients
varies from 3% to 25% depending on the study design (cross-sectional, retrospective cohort,
prospective cohort), the imaging technique (transthoracic vs. transesophageal
echocardiogram), and the duration of the follow-up period [6, 12, 14, 21, 23, 26]. Studies
with longer follow-up periods and more sensitive imaging studies suggest an incidence of at
least 20%, with a mortality rate of 25% [6, 12, 14, 21, 23, 26]. Although the etiology for this
high risk is not well defined, possible explanations include venous stasis, coagulation
abnormalities, dehydration, protein-losing enteropathy, and arrhythmias.

In an attempt to understand the increased risk for thrombosis in the Fontan population,
multiple studies of coagulation have been conducted. These studies have focused primarily
on measuring the plasma concentrations of isolated coagulation factors. Altered plasma
concentrations of procoagulants (factors Il, V, VII, VIII, and X and fibrinogen),
anticoagulants (protein C, protein S, and antithrombin), and fibrinolytic protein
(plasminogen) have been described [3, 4, 6, 7, 10, 15, 16, 19]. In addition to these
quantitative differences, increased ex vivo platelet reactivity has been reported [20].
However, the overall effect of these abnormalities on the balance between hemostasis and
thrombosis is not well characterized.

Given the complexity of the reported hemostatic derangements observed in Fontan patients,
we sought to perform a more comprehensive evaluation of coagulation using
thromboelastography (TEG), which uses whole blood to evaluate global hemostatic and
fibrinolytic function. The overall function of circulating plasma clotting factors and their
inhibitors and platelet function can be determined, as well as the ultimate clot strength and
efficacy of fibrinolysis [22].

Studies have proved TEG useful for monitoring hemostatic and fibrinolytic derangements in
patients undergoing cardiac surgery or liver transplantation [11, 24]. Modified versions of
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TEG have been used to evaluate preoperative coagulation in neonates and infants with
complex congenital heart disease. They have shown that these infants demonstrate decreased
clot formation compared with healthy control subjects [9, 18]. In addition, TEG also has
been used to evaluate hypercoagulability, and prospective studies have shown that TEG
parameters in adult surgical patients can predict whether patients are at increased risk of
deep vein thrombosis or not [13, 25].

We hypothesized that if the coagulation abnormalities in Fontan patients are responsible for
the high rate of thrombotic events, then at least a subset of these patients would demonstrate
hypercoagulability on TEG. Because there are no published data on TEG performed with
kaolin-activated citrated samples in a pediatric population, we also established normal
ranges in a cohort of healthy children.

Materials and Methods

Approval to conduct this study was obtained from the Institutional Review Board of the
Children’s Hospital of Philadelphia. Written informed consent was obtained from the parent
or legal guardian for all the subjects, and patients older than 7 years were asked to assent.

Study Design

In this prospective cross-sectional study, patients who had undergone a Fontan procedure
were compared with healthy children.

Healthy Children

Blood samples were collected from 51 healthy children in three age groups (1-5 years, 6-10
years, and 11-16 years) undergoing minor elective surgical procedures. These age categories
were chosen because they have been used in several other clinical studies of coagulation
proteins in children [2, 5]. The inclusion criteria specified an American Society of
Anesthesia Physical Status of P1 (normal healthy patient). Patients were excluded if they
had a known underlying medical illness or a clinical history of a known bleeding disorder.
Whole blood was collected into 3.2% sodium citrate glass tubes at the time of intravenous
(V) catheter placement.

Fontan Patients

Blood samples were collected from children ages 1 to 16 who had undergone a Fontan
procedure. Patients were excluded if they had received an anticoagulant (vitamin K
antagonist or heparin) within the preceding 2 weeks or had received a blood or plasma
product within the preceding month. Patients receiving aspirin were not excluded because
the antiplatelet effect of aspirin does not affect TEG [17].

The majority of patients were recruited when undergoing anesthesia for elective operative
procedures. For patients undergoing elective surgery, whole blood was collected at the time
of 1V catheter placement into 3.2% sodium citrate tubes. Blood was collected via peripheral
venipuncture from patients who were not undergoing surgical procedures. Additional data
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collection included age, sex, ethnicity, surgical history, current medications, and whether the
patient had experienced a known thrombotic event or not.

Thromboelastography

Kaolin-activated TEG was performed according to the manufacturer’s recommendations
using Thromboelastograph Coagulation Analyzer Model 5000 (Haemoscope Corp., Skokie,
IL, USA). Samples were processed in duplicate 60-120 min after collection. The kaolin
vials were warmed to room temperature, and 1 ml of the citrated blood sample was pipetted
into the vial. Blood and kaolin were mixed by inverting the vial five times, after which 360
ul of this treated blood was pipetted into the preheated cup containing 20 pl of 0.2 mol/l
CacCl as an activator.

Figure 1 shows a typical TEG tracing, in which assay time is represented on the x-axis, and
amplitude on the y~axis. This curve shows the typical initial flat segment that then splays
into two curves. The reaction time (R) is the time from the start of the run until the first
detectable levels of fibrin clot formation when the sample begins to splay. The time from the
end of Runtil the tracing reaches 20 mm is a measure for the speed of clot strengthening, the
K time (K). The angle (4) is the size, in degrees, of the angle formed by the line tangential to
the tracing measured at /Zand measures the dynamics of clot strengthening. The maximum
amplitude (MA) is the width of the widest gap in the tracing, which reflects the maximum
strength of the fibrin clot. It is a function of the maximum dynamic properties of fibrin and
platelet bonding via GP2b/3a. Lysis 30 (Ly 30) measures the rate of amplitude reduction 30
min after MA and reflects clot stability. Indicators of hypercoagulability from TEG include a
shortened R time and an increased a2 and MA [8].

The R, K, a, and MA variables also can be combined to calculate the coagulation index (Cl),
an overall assessment of coagulation,. The Cl is defined by the equation Cl = -0.6516 R —
0.3772K + 0.1223MA + 0.0759a — 7.7922 (TEG 5000 Manual; Haemoscope Corp. IL,
USA). A prolonged ClI is indicative of hypercoagulability.

Statistical Analysis

In this study, a positive test for a hypercoagulable state was defined as any measurement
(described earlier) exceeding the upper bound of the 95% confidence interval for the normal
value. A sample size of at least 15 children in each of the three age groups was chosen to
establish the age-related normal values. This was based on the manufacturer’s published
adult normal ranges (mean and standard error of the mean) of the kaolin-activated TEG MA.
Assuming a normal distribution, there is little variation in the 95% confidence interval
around the standard error of the mean after 14 patients. A sample size of 25 Fontan subjects
would have a power of 0.9 to detect a 7% incidence of hypercoagulability at a significance
level of 0.05.

The data were analyzed using STATA, Release 8 (Stata Corp., College Station, TX, USA).
The differences among age groups were evaluated using one-way analysis of variance. The
Student’s ftest was used to compare continuous variables, and the chi-square test was used
to compare dichotomous variables. Significance was defined as a Pvalue less than 0.5.
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Results
Healthy Children

Samples were collected from a total of 51 healthy children undergoing minor elective
surgery. The blood sample for one patient clotted, preventing analysis for that patient. For
nine patients, one of the duplicate TEG tracings was excluded due to a technical error in
obtaining a result or a poor sample (i.e., early splitting of the TEG tracing, instrument error,
clotted sample). For patients with two TEG tracings, the results were averaged.

Table 1 shows the TEG results for the 50 healthy children according to age group. There was
no statistical difference between different coagulation parameters across the age groups.

Post-Fontan Subjects

Blood samples were collected from 25 children who had undergone a Fontan procedure and
met the eligibility criteria. Of these 25 patients, 18 had hypoplastic left heart syndrome
(HLHS), three had a double-outlet right ventricle, and four had tricupsid atresia. These
patients had undergone the Fontan procedure a mean of 6.4 years (range, 1.5 months to 13
years) before specimen collection. Most of the patients (20/25) were receiving daily aspirin
therapy.

Duplicate TEG tracings were completed for 24 patients. For one patient, one tracing was
reliable. Table 2 shows the TEG results for the Fontan patients by age category as well as the
pooled results. As with the healthy children, no statistical difference in any TEG parameter
was found among these groups. The results for one patient, a 15-year-old with HLHS
undergoing cardiac catheterization, are not included in this analysis. The TEG results for this
patient demonstrated extremely poor coagulation (R=21.5, K= 6.6, a= 28, MA = 45), and
we could not be absolutely sure that this sample had not been contaminated with heparin.

Only one patient in this cohort had a known history of a thrombotic event. This 7-year-old
boy with HLHS had experienced right upper extremity weakness 1 week after Fontan and
showed a new left thalamic infarct on magnetic resonance imaging (MRI). There was no
evidence of hypercoagulability during the boy’s TEG, which was performed 5 years after his
stroke. No Fontan patient had an abnormal R, a, MA, or CI that suggested
hypercoagulability.

Because there was no difference between age categories in either the Fontan cohort or the
healthy control group, the results from all the age categories were combined, and the two
groups are compared in Table 3. As shown in Table 3, the demographics (age, sex, and
ethnicity) of the two groups were similar. There was no difference among TEG parameters
between the Fontan patients and the healthy children.

Discussion

This is the first study to report the results of TEG for a cohort of Fontan patients.
Surprisingly, there were no differences in the TEG parameters between the healthy children
and the Fontan patients in this cross-sectional study. Given the well-documented differences
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in the concentrations of multiple clotting factors for the Fontan patients and the high
incidence of thromboembolic complications, we hypothesized that at least a subset of our
Fontan cohort would demonstrate hypercoagulability by TEG. Not a single Fontan patient
was classified as “hypercoagulable” based on the TEG results.

Unfortunately, we did not have adequate plasma samples to perform a comprehensive
battery of coagulation protein assays. This would have been useful for correlation with the
TEG findings. Nonetheless, given that numerous studies of Fontan patients have confirmed
alterations in coagulation protein concentrations, we expect that our cohort was similar.
Therefore, although the concentrations of many procoagulant and anticoagulant factors are
altered in the Fontan patients, the overall balance between hemostasis and thrombosis may
be maintained, as reflected by the normal TEGs. This may suggest that thromboembolic
complications in Fontan patients are related to these alterations in circulating coagulation
protein concentrations. This is consistent with the findings of retrospective studies that have
been unable to demonstrate a clear link between abnormal coagulation studies and
thrombosis in Fontan patients. The only study to suggest an association between coagulation
abnormalities and thrombosis reported elevated factor V111 levels in 6 of 20 children after
Fontan, 2 of whom had experienced a thromboembolic event [16]. Importantly, our study
was not designed to correlate TEG results with clinical outcomes. This would need to be
performed in a much larger prospective study.

This also is the first study to provide pediatric reference values for TEG performed on
kaolin-activated citrated blood. The advantage to using citrated samples is that the blood
does not need to be tested immediately after collection, which often is a logistical challenge.
Similar to a prior study of kaolin-activated noncitrated samples, we found no differences
among the pediatric age groups tested [5]. Although the concentrations of coagulation
proteins in children differ significantly from those in adults, these differences are greatest in
children younger than 1 year [1]. Because we aimed to study Fontan patients usually at least
2-3 years old, we did not evaluate children younger than 1 year. These pediatric reference
values will be useful for interpreting TEG results of patients tested for clinical indications as
well as for future research studies.

Admittedly, this was a relatively small cross-sectional study, and our findings may not be
generalizable to larger groups of Fontan patients. It also is possible that TEG may fluctuate
over time for a given patient. Interestingly, there is no clustering of thromboembolic
complications around a specific period after Fontan. They start to occur during the
postoperative period, and the risk appears to be persistent throughout a patient’s lifetime,
with no plateau [21]. We did not observe any correlation of TEG values with patient age or
time since the Fontan procedure.

Whether TEG can be helpful in predicting patients at increased risk for thromboembolic
complications or not still is not known. However, our findings suggest that the percentage of
Fontan patients who demonstrate hypercoagulability on TEG is substantially lower than the
incidence of thromboembolic complications. Alternatively, it is possible that TEG is not a
sufficiently sensitive assay to detect hypercoagulability. Further studies, comparing
thromboelastography and coagulation protein assays between Fontan patients with
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thromboembolic complications and those without such complications are needed to
delineate these issues and to understand the etiology of the thrombotic complications
experienced by these patients.
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time
R K Angle MA LY30
min min deg mm %
48 18 63.9 58.9 1.2
38 1-3 55-78 51-69 0-8 (adult normal range)

Fig. 1.
Representative thromboelastography (TEG) tracing. This study investigated a healthy 5-

year-old child using the TEG 5000 (Haemoscope Corp., Skokie, IL, USA)
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Table 1

Kaolin-activated citrated thromboelastography (TEG) parameters in healthy children by age group?

1-6years (n=19) 6-10years(n=16) 10-16years(n=15) P value

R (min) 6.4 (2.4-10.4) 5.7 (1.9-9.5) 6.9 (2.9-10.9) 0.96
K (min) 2.0 (1.0-3.0) 1.8 (1.0-2.6) 2.1(1.1-3.1) 0.82
a(®) 612 (47.6-74.8)  65.4 (54.8-76.0) 61.2 (46.8-75.6)  0.49
MA (mm) 625 (54.3-70.7)  64.3 (57.5-71.1) 62.7 (53.1-72.3)  0.37
Ly30 (%) 0.6 (0-2.0) 0.5 (0-1.7) 0.5 (0-1.5) 0.33
cl -0.5 (-4.5-3.5) 0.6 (~3.6-4.6) -0.8(-5.4-38)  0.82

R reaction time, K coagulation time, aangle, MA maximum amplitude, Ly30lysis at 30 min, C/ coagulation index

a . . ) . . ’
Results are expressed as the mean, with a boundary encompassing the 95% confidence interval in parenthesis
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Table 2

Kaolin-activated thromboelastography (TEG) parameters in Fontan patients by age group?

1-6years(n=7) 6-10years(n=7) 10-16years(n=10) P value

R (min) 7.0 (3.8-10.2) 6.5(3.3-9.7) 55 (3.9-7.1) 0.15
K (min) 2.1(1.3-2.9) 2.1 (15-2.7) 2.0 (1.2-2.8) 053
a() 61.8 (52.6-71.0)  61.0 (55.0-67.0) 61.6 (53.2-700) 061
MA (mm)  63.5(64.9-75.9)  62.4 (57.4-67.4) 62.0 (51.2-72.8)  0.11
Ly30 (%) 0.8 (-2.4-4.0) 1.0 (-1.8-3.4) 0.7 (-1.7-3.1) 0.75
cl -0.6(-36-24) 0.6 (-3.0-1.8) 0.1 (-2.5-2.7) 0.91

R reaction time, K coagulation time, aangle, MA maximum amplitude, Ly30lysis at 30 min, C/ coagulation index

a . . ) . . ’
Results are expressed as the mean, with a boundary encompassing the 95% confidence interval in parenthesis
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Comparison between healthy children and Fontan patients

Table 3

Page 12

Healthy children (n = 50)

Fontan patients (n = 24)

P value

Age (years)

Male sex: 17 (%)

Ethnicity: 7 (%)
Caucasian
African-American

Other
R (min)@
K (min)@
a()?
MA (mm)2
Ly30 (%)@

cié

83+47
30 (60)

31(62)

18 (36)

12

6.3 (2.3-10.3)
1.9 (0.9-2.9)
62.6 (49.4-75.8)
63.1 (55-71.3)
05 (0-1.7)

-0.2 (-4.6-4.3)

95+45
17 (71)

17 (71)

5(21)

2(8)

6.2 (3.4-9.0)
2.0 (1.2-2.8)
61.5 (53.7-69.3)
62.5 (52.9-72.1)
0.8 (0-3.2)

-0.3(-2.9-2.3)

0.15
0.36

0.17
0.76
0.71
0.20

0.56

R reaction time, K coagulation time, aangle, MA maximum amplitude, Ly30lysis at 30 min, C/ coagulation index

a . . ) . . .
Results are expressed as the mean, with a boundary encompassing the 95% confidence interval in parenthesis
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